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Abstract 
Pulsatile motion of brain parenchyma results from cardiac and breathing cycles and consists in a rapid displacement in systole,
with slow diastolic recovery. Based on the vascular depression concept and recent studies where a correlation was found between
cerebral haemodynamics and depression in the elderly, we emitted the hypothesis that tissue brain motion due to perfusion is 
correlated to elderly depression associated with cardiovascular risk factors. Tissue Pulsatlity Imaging (TPI) is a new ultrasound 
technique developed firstly at the University of Washington to assess the brain tissue motion. We used TPI technique to measure
the brain displacement of two groups of elderly patients with diabetes as a vascular risk factor. The first group is composed of 11 
depressed diabetic patients. The second group is composed of 12 diabetic patients without depressive symptoms. Transcranial 
acquisitions were performed with a 1.8 MHz ultrasound phased array probe through the right temporal bone window. The 
acquisition of six cardiac cycles was realized on each patient with a frame rate of 23 frames/s. Displacements estimation was 
performed by off-line analysis. A significant decrease in brain pulsatility was observed in the group of depressed patients 
compared to the group of non depressed patients. Mean displacement magnitude was about 44±7 µm in the first group and 68±13 
µm in the second group. 
PAC`S: 87.57c; 8757N 
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Introduction 
According to the World Health Organization, depression in the older age group is significant for a variety of 
reasons. Approximately 20% of elderly people above the age of 60 have some depressive symptoms, but an 
identifiable diagnosis of depression is made only in 5% of the elderly population. In spite of its common occurrence, 
depression among the elderly frequently remains undetected. Very often, it is attributed to the ageing process and no 
intervention is sought or provided. Krishnan and McDonald [1], [2] suggested considering the late-onset depression 
as a separate disease entity with atherosclerosis as the pathophysiology underlying the disorder. They proposed the 
term "arteriosclerotic depression" to denote this notion. Moreover, Alexopoulos et al. [3] suggested that
cerebrovascular disease can predispose, precipitate, or perpetuate a depressive syndrome in some elderly patients. 
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The term "vascular depression" was attributed to depressive syndromes that encompass vascular pathogenesis. 
Thuile et al. [4] have examined in a recent review the vascular depression concept. They supported this concept, but 
suggested that more studies are needed to clarify the relationships between depression and cerebrovascular disease. 
In fact, the etiology of vascular depression is not fully understood. Studies concerning the epidemiology of 
depression underline a significative prevalence of depression in patients suffering from hypertension [5], coronary 
artery disease [6], minor cerebrovascular episodes [7], vascular dementia [8] and atherosclerosis [9]. Moreover, it 
was underlined that cardiovascular risks increase the vulnerability to depression [10]. A correlation between cerebral 
haemodynamics and elderly depression was also observed using transcranial Doppler (TCD). Alexopoulos et al. [11] 
observed a reduced cerebral blood flow velocity (CBFV) in the middle, anterior and posterior cerebral arteries in 
depressed patients compared to controls. Tiemeir et al. [12] measured CBFV and CO2 induced cerebral vasomotor 
reactivity in the middle cerebral artery of a 2093 men and women aged 55 and over. Both parameters were measured 
using TCD and were found to be lower in subjects with depressive symptoms. However, in 25% of the subjects no 
results were obtained because of window failure on both sides. Beside, the attenuation of Doppler signal by the skull 
limits its use to the major vessels of the brain (circle of Willis). Tissue pulsatility imaging (TPI) is a new ultrasonic 
technique developed by Kucewicz et al. [13] to measure whole tissue brain movements due to perfusion. Instead of 
using the signal backscattered by blood as in TCD, TPI uses signals backscattered by tissues which are less 
attenuated. Brain displacement is composed of a cardiac component with low amplitude and short duration and a 
slower pulmonary component with high-amplitude plateaulike displacement [14]. The aim of our study is to 
evaluate the existence of a correlation between the tissue brain motion and elderly depression for patients with 
vascular risk factors. Our hypothesis is that the brain tissue motion due to perfusion of depressive elderly patients 
with cerebrovascular risk factors may be reduced compared to age-matched patients without depressive disorders. 
We measured the tissue brain motion of 25 elderly subjects with high cardiovascular risk factors. To have 
homogenous risk factors for all subjects we chose type 2 diabetic patients with at least 5 years of diabetes evolution. 
Two groups were then defined among the patients. Group D of patients with depressive disorders and group ND 
without depressive disorders. Ultrasound assessment of brain motion is realized and the two groups were compared 
and results discussed spacing.  
Material and methods  
Subjects  
Volunteers included in this study were recruited among elderly inpatients of the diabetology service of the 
hospital of Tours. All subjects provided written informed consent. They were classified into two groups, a group of 
patients with depressive disorders (group D) and a group of non-depressed patients (group ND). Inclusion criteria 
into both groups were type 2 diabetes with at least 5 years of evolution and age older than 50 years. Exclusion 
criteria in both groups were the presence of psychiatric pathology, i.e., met axe I of the Diagnostic and Statistical 
Manual of Mental Disorders-IV criteria (DSM-IV) [15] or neurological pathology (cerebrovascular accident, 
Parkinson's disease) or suspected dementia if the score of the Mini Mental State Examination (MMSE) < 23 [16]. 
Inclusion criteria in the group of patients with depressive disorders were clinical symptoms according to DSM IV 
criteria of major depression with a sufficient intensity of the symptoms (i.e., the score of the Montegomery and 
Asberg Depression Rating Scale (MADRS) > 15 [17]) Clinical assessment. Depression intensity was evaluated 
using the MADRS score and global cognitive deficits were quantified using the MMSE. Demographic 
characteristics and depressive levels of the two groups are shown in Table 1. 11 diabetic patients (8 women and 3 
men) were diagnosed with depressive disorders (group D) and 12 diabetic patients (8 women and 4 men) were 
diagnosed without depressive symptoms (group ND). 
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Table 1. Demographic and clinical characteristics of the patients
Non depressed patients (ND) Depressed patients (D) 
Number of patients 12 11
Age 65±9 62±8 
Marital status (married) 5(62.5%) 7(63.6%) 
Gender (female) 8(66.7%) 8(72.7%) 
School level (high school) 5(62.5%) 6(54.5%) 
MMSE 27.5±1.9 27.9±1.3 
MADRS 5.2±3.4 26.9±11.8 
Ultrasound measurement  
Ultrasound recordings were realized using a medical Ultrasound Siemens Scanner (Antares). Transcranial 
acquisitions were performed with a 2 MHz phased array probe through the right transtemporal bone window. Direct 
access to the beamformed RF lines is allowed by a User's Research Interface (URI) mode installed on the scanner by 
the manufacturer. For each patient 138 images are acquired with a sampling frequency of 40 MHz and a frame rate 
of 23.15 frames/s. This results in 6 seconds of acquisition. We obtained then a transverse scan of the brain every 
43.2 ms and each frame contains 144 RF scan lines. This process is repeated 8 times for each patient to perform an 
average and to avoid extreme values of displacement due to involuntary movement of the patient during acquisition. 
The probe was positioned perpendicularly to the skull in a manner to obtain a cross section of the frontal lobe in its 
low region as well as the anterior region of the temporal lobe. The probe was used with a mechanical holder to 
minimize involuntary movements of the patient or the operator and sliding of the probe. Data collected during 
imaging are transferred to a computer for off-line analysis. 
Motion estimation  
Motion of the tissue brain was estimated using 1D-intercorrelation methods. The maximum of the normalized 
intercorrelation function was used to estimate the delay between Regions of interest on RF lines. The kernel size of 
4 wavelengths was chosen. Complementary signal processing such as parabolic interpolation was applied to of the 
correlation function allows obtaining a precision of 0.8 µm [18]. To improve the estimation resolution an 
overlapping rate of 80% between elementary regions is applied. The resolution in depth of our estimation is then 
about 1 mm. Displacement is then band-pass filtered to eliminate the slow component due to respiratory cycles. As a 
result we obtain a 3D displacement matrix M(I,J,K) with the two first dimensions I and J corresponding to depth and 
width of the brain image respectively and the last dimension K represents the time axis corresponding to the total 
frames number. Fig.1 shows a curve of displacement at a fixed location as a function of time. This displacement was 
obtained on a 69 years aged patient of the group ND. 
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Fig.1 Displacement curve of tissue brain at a fixed location as a function of time (during 6 cardiac cycles). The dashed
curve corresponds to the displacement before filtering (cardiac and breath components). Solid curve corresponds to the 
band-pass filtered displacement (only cardiac component).
Fig 2. represents the displacement for different depths along one RF line. Negative displacement amplitude
indicates displacement away from the probe and positive displacement amplitude indicates displacement toward the
probe. We can clearly observe the opposing motion of the two brain hemispheres.
Fig.2 Displacement measured along one RF line (different depths) as a function of time.
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Statistical methods  
Correlations were sought by calculating Spearman coefficient r. Signification was evaluated by bilateral 
coefficient p at 0.05. The small size of the samples leads us to choose non parametric tests 
Results
For each patient, we calculated an average overall 8 acquisitions of the maximum displacement magnitude and 
cardiac cycle (Table 2). Both groups are homogeneous in term of gender, age, marital status, school level MMSE 
scores, cardiovascular risk factors, and cardiac rate. They differ significantly only by the MADRS scores (p<0.000) 
and displacement magnitude (p<0.015). 
Table 2. Ultrasound measurement of tissue displacement and cardiac cycle for all patients
Non depressed patients (ND) Depressed patients (D) 
Number of patients 12 11
Maximum of displacement 
(µm)
62.68±5.66 43.87±6.81 
Cardiac cycle (Hz) 1.29±0.16 1.26±0.25 
Discussion
The principal finding of this study is that depressed diabetic older patients have tissue brain motion significantly 
reduced compared to the non depressed age-matched diabetic patients. To our knowledge this is the first study 
where tissue brain motion was ultrasonically quantified among depressed population. Reduction of cerebral 
pulsatility seems to be specific to the depression state since both groups are homogeneous and differ significantly 
only by the MADRS scores (which quantify the depression intensity) and the amplitude of tissue brain motion. 
Thus, we showed a relationship between tissue brain motion and major depression in the elderly. Our initial 
hypothesis that tissue brain motion can be modified in depressed older patients was then confirmed. However there 
is no correlation between the pulsatility and the MADRS values which can signify that the depression intensity 
doesn't increase the hypopulsatility degree. There is no correlation either between cerebral pulsatility and 
cardiovascular risk factors in both groups. For patients with high cardiovascular risk factors such as diabetic 
subjects, the pulsatility intensity seems influenced neither by the age or the duration of diabetes evolution, nor by the 
usual cardiovascular risk factors. Tissue brain motion due to perfusion is induced chiefly by cerebral arteries 
pulsations. Thus, this motion is more important around artery walls and decrease significantly away as showed 
previously. This motion is then directly linked to vessel wall elastic properties. The decrease in amplitude cerebral 
motion in the group D is likely due to the decrease in distensibility and compliance of cerebral arteries. These last 
two parameters are known to be linked to the endothelium-dependent vascular tone regulation. We think that 
depression in the elderly may be characterized by endothelium dysfunction. Measurement of the cerebral 
vasoreactivity has to be done to verify this hypothesis., which is in the continuity of this study. 
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